"Vis ual space is not a static geometrical scheme, nor is it a simple transposition, on the perceptual level, of the topographical arrangement of the retinal stimulus. Rather it should be considered the result of an extremely dvnamic event G. Kani; sa ( 1979, p, 181) In the Ebbinghaus illusion (Ebbinghaus, 1908; Sarris, 1986; Wundt, 1898) ' the center circle appears smaller when surrounded by large circles. and larger when surrounded by small circles (Figure I a-d) . This illusion provides a cute paradigm for the study of size or area contrast (e. g., Goto, 1987; Goto & Ohya, 1989; Massaro & Anderson, 1971; Kuroda & Noguchi, 1984; Morinaga, 1959; Morinaga & Noguchi, 1966; Obonai, 1954; Oyama, 1960; Schiller & Wiener, 1962;  1 2 It seems that Ebbinghaus did not publish an original paper on the illusory figure which now bears his name. The Ebhinghaus circles were probably first reported by Wundt (1898; Figure 49 ) who explicitly gives credit to Ebbinghaus, yet without referring to an original paper by Ebbinghaus.
Probably Ebbinghaus has communicated this figure informally. Titchener (1901) included, among other illusory patterns, the size-contrast circles in his textbook, hence they are often referred to as the "Titchener illusion" (e .g., Thurstone, 1944; Wade, 1982) . However, since Titchcner was one of Wundt's students and coworkers, it is rather unlikely that Wundt would not have given credit to Titchener if the illusory figure had originated with him. Zigler, 1960) . Nonetheless, compared to the large amount of research on brightness induction or contrast (see Hamada, 1991; Heinemann, 1972 , for reviews), size contrast between areas has received surprisingly little attention. Most of the studies on visual-geometric illusions are devoted to one-dimensional line extensions, such as in the MullerLver illusion (see Coren & Girgus, 1978 ; Figure 2. 3 ), or to distortions in angle or direction as in patterns by Zdllner, Poggendorff, or Hering (see Coren & Girgus, 1978; Figures 3?. 3.3, and 3.9, respectively) .
An early mention of the phenomenon of size contrast is by Smith (1738) who remarks that small objects seen in valleys surrounded by large mountains, appear extraordinarily small.
In his textbook of psychology, Ehhinghaus (1908) distinguishes size contrast from brightness contrast in that the former reaches soon a maximum and then decreases again to finally level off, while the latter increases monotonically with the difference in luminance, although increasingly slower at higher physical contrast. A medium-sized person would seem small when standing near tall persons, tall when standing near small persons, whereas even smaller objects, e.g., a doll would have no influence (Ebbinghaus 1908, pp. 64-65) . Another example of "Ebbinghaus' law of relative size contrast" (Sarris, 1986) Morinaga (1959) , see Figure  2 a-c. He showed that when the inner parts of the surrounding circles were presented in isolation ( Figure 2h ) the center circle appeared larger than when the surrounding circles were presented without the very inner segments (Figure 2c ). This finding shows that the Ebbinghaus illusion is not just an interacting effect of adjoining contours but is essentially influenced by the remote parts of the surrounding circles.
Further studies by Morinaga and Noguchi (1966) showed that the Ebbinghaus illusion induced by small circles decreased with increasing distance between center circle and surrounding circles. This effect was replicated and extended by Massaro and Anderson (19711. whereas Girgus, Coren, and Agdern (1972) , Goto (1987) , and Goto and Ohya (1989) showed the opposite effect of circle distance, i.e., an increase of the Ebbinghaus illusion with increasing distance, when the center circle was surrounded by larger, instead of smaller, circles. In other words, the apparent size of the center circle is reduced with increasing distance of the surrounding circles, irrespective of being smaller or larger than the center circle.
Mach 11861; 1959, Figure 3 ) first drew attention to the fact that a square when rotated by 45 deg looks like a different figure, a diamond, thus demonstrating the enormous effect of orientation on figure perception. Schumann (1900) three smaller, three larger and one equal to the size of TC. The distance between the centers of TC and ('C was 65 mm. Line width of each circle was 0.25 mm. As shown in Figure 3 , each stimulus card comprised an Ebbinghaus figure on the left or right side and the CC on the other side together with three index numbers for paired comparison below. Thus, in total 36 Ebbinghaus figures were used, resulting from 6 (configurations) x 3 (distances) x 2 (side of presentation on the card, i.e., left or right). In a control condition only the TC without ICs was presented at left or right sides on the card (see Figure 3 , bottom). Subjects. Subjects were 96 (female and male) undergraduates of the University of Tokushima, who participated in the experiment for course credit. The experiment was can'ied out in six groups (of 16 subjects each) during a class. All subjects had normal or corrected-to-normal visual acuity; observations were binocular.
Procedure. A psychophysical method of constant stimuli and simultaneous comparison was used with three categories of judgment (Guilford, 1954) . Subjects had to state which circle, the TC or the CC, appeared larger or whether both appeared equal, by writing the respective number printed below the circles (see Figure 3 ) on a response list.
A set of six Ebbinghaus figures and the control figure was judged in relation to the nine size steps of the comparison circle in each group. Given a pack of 63 cards, i.e., 7
' Judgments "TC is larger than CC" and "CC is larger than TC" in each figure were transformed for each subject to +I for the former and -1 for the latter, and 0 for "equal" judgment to derive an index of illusory strength. That is, overestimation resulted when the sum of the transformed values was positive, underestimation when it was negative. The respective indices based on the transformed values were subjected to an ANOVA. Figure- types, IC-TC distances and left or right position on the stimulus cards were counterbalanced among the six groups. Concerning the control figure, three groups used the TC on the left side, the other three groups on the right side. The figures were presented in a random order with respect to each stimulus variable, by shuffling the pack before each session. Ten practice trials were given to introduce the first session and subjects were allowed to look through all cards in advance, to become familarized with the whole set of the task.
Results
The point of subjective equality (PSE; in mm units) was calculated as follows: the sizes of the comparison circle, at which judgments of "larger than" and "smaller than" the test circle reached 50% were logarithmically transformed and the mean between these two values was then re-transformed.
The PSE values for the respective Ebbinghaus figures and the control figure are shown in Figure 4 for figures presented on the left side (a) and right side (b).
A three-way, between-subjects analysis of variance (ANOVA)' with Ebbinghaus configurations (6), distances (3), and left versus right side (2) as factors revealed significant main effects for all three factors [F(5, 540) = 186.4, F(2, 540) = 53.5, and F(1, 540) = 49.5; p < .01 for each]. That is, on average, underestimation of TC size occurred most strongly for configurations as in Figure la (PSE = 8.98 mm); judged TC size decreased with increasing IC-TC distance (PSE = 9.59 mm, 9.39 mm, and 9.31 mm, for small, Figure  3 , bottom).
Each stimulus figure had to he compared with one of nine different CC sizes two times with the CC on the left or right of the Ebbinghaus figures. These variations resulted in 19 (3 x 6 + 1) x 9 x 2 = 342 different stimulus pairs. Subjects. Subjects were eight (female/male) undergraduates of the University of Tokushima, who participated in the experiment as volunteers.
They were 21 or 22 years old and had normal or corrected-to-normal visual acuity. Procedure. As in Experiment I, the method of constant stimuli and simultaneous comparison was used. Subjects judged whether the test circle or the comparison circle appeared larger or whether both appeared at equal size. Subjects gave oral responses chosing one of three response categories "left side", "right side", or "equal" and the response was noted by the experimenter.
The observer's head was supported by a chin rest which kept the eye at a distance of 40 cm from the central surface of the screen. Observation was binocular and subjects were advised to shift their gaze in a relaxed way between the left and right sides of presentation. The stimulus figure was displayed for at least I s, and remained for another 1 s after the subject had pressed a key. Each subject made a total of 360 judgments: 3 (size) x 6 (orientation) x 9 (size of CC) x 2 (side of presentation) + 2 (control condition) x 9 (size of CC) x 2 (side), in 4 sessions on 4 different days. Orientation (0, 30, and 60 deg vs. 15, 45, and 75 deg) and side (left, right) varied orthogonally over sessions in an order that was counterbalanced across subjects; within a session the order of stimuli was random. About 15 minutes were needed for one session. Ten practice trials were given before each session. Figure 5 a, b) but this difference did not reach significance ft-test: 1 (7) = -1.76: p > .05 (one tail)). None of the interactions was significant: configuration x orientation, orientation x side of presentation, orientation x side, configuraration x orientation x side [F(10, 70) = .83, F(2, 14) = 3.41, F(5, 35) = 0.61, and F(10, 70) = 0.60; p > .05 for each].
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General Discussion
Before discussing the results with respect to our experimental variables, a methodological aspect needs to be considered: namely, the method of simulataneous comparison, employed here, is not the only possible one. In fact, it has been shown that size judgments may depend systematically on the respective psychophysical method, e.g., simultaneous comparison may lead to overconstancy, while successive comparison or absolute judgement may produce lower degrees of (a) left visual field (b) right visual field size constancy (Ehrenstein, 1977; Ono 1967 .1. The significance of our present findings thus is limited to some extent by the method used and further studies with different psvchophysical methods are needed before generalizaing. Another methodological implication of the present results is that we chose logarithmic, instead of linear, steps when varying the diameter of the comparison circle, assuming that Fechner's psychophysical law would he valid for size perception (see Bredenkamp, 1984.) so that logarithmic steps would correspond to equally distant sensations of size. However, in our control measurements ("C" in Figures 4, 5) the subjects did not match with the physical size but made a systematic shift toward an overestimation of size. This suggests that a linear rather than a logarithmic progression of the diameters of circles and resulting areas might be appropriate. It may, however, also indicate that a circle that is kept constant in size, as in our case the control circle, is overestimated when compared to the CCs of variable size. Within these limitations, the present data show that size or area contrast in the Ebbinghaus illusion is not merely a function of the size relationships between test and inducing circles, but depends in a peculiar way on structural factors such as the orientation, perceptual dominance, and size-distance relationships of the inducing and test circles.
Orientation of The IC-Arras
Quantitative models of size contrast (e.g., Bredenkamp, 1984; Massaro & Anderson, 1971; Zigler, 1960) shows clearly that this is not the case.
Although the mixed-size data are in between the non-mixed size data, they are much closer to the data obtained for the inducing effect with surrounding elements larger than the induced element. Thus, once again, an asymmetry can be noted which may be interpreted as a perceptual dominance of the larger over the smaller inducing element, as discussed above. Bradshaw & Nettleton, 1983; Gazzaniga, Bo(2en, & Sperry. 1965; Kitterle 1989 ) should he considered for explanation.
Side of Presentation
Kundt (1863) was probably the first to report an anisotropy in the perception of visual extent depending on left versus right location. He asked his subjects to determine the center of a straight line and found overestimation in the right half of line. Kundt's illusion has been studied by many investigators (see Obonai, 1977 , for a review) who, with some exceptions, also obtained an overestimation of the right half. Directly related to our study is the investigation by Stevens (1908) who measured the perceived diameter of a circle. For right-handed subjects he found that circles appeared larger in the right than in the left visual field, an effect that he found to be reversed in a number of lefthanded subjects. Our results are consistent with a general tendency of overestimating size in the right visual field, since this trend was found regardless of whether the size contrast produces an increase or decrease in perceived size. A similar tendency for overestimating one-dimensional visual extension in the MUller-Lyer illusion was reported by Clem and Pollack (1975) ; this effect, however, depended on whether induced and inducing elements were presented simultaneously or successively.
Consistent with the early finding of Stevens (1908) on perceived circle size, Edgar and Smith (1990) recently found that spatial frequency of stimuli presented in the left visual field was overestimated, i.e., the gratings appeared to he finer than in the right visual field.
Further measurements with different methods, e.g., successive comparison or absolute size judgments (see Ehrenstein, 1977) and strict separation of visual fields are needed in order to clarify this issue. In this context handedness should be assessed as well. Although we did not record handedness in our subjects, it is rather likely that left-handers were a small minority, hence we might tentatively interpret our results as being representative for right-handers.
Conclusion
Our results reveal rather puzzling interactions that cannot he accounted for by a simple quantitative model of size contrast. Instead, they strongly demand the necessity of a more complex, compound model of size contrast. Similarly to the recently proposed compound model of brightness contrast (Hamada, 1991), a comprehensive model of size contrast should include overall effects or asymmetries (such as of size overestimation in the right visual field) and specific, possibly antagonistic, effects of size contrast. The present study provides just a glimpse at the complexity of quantitative and structural factors that underly the dynamics of size contrast as a basic function within the spatial organization of vision.
